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A b s t r a c t: Background: The expression of Bcl-2 oncoprotein is associated 

with inhibition of apoptosis and prolonged cell survival. The purpose of this study was 
to investigate Bcl-2 protein expression in patients with small-cell lung cancer (SCLC) in 
order to see if it was related to clinicopathological features and to prognosis.  

Materials and methods: Forty patients with SCLC were stained immunohisto-
chemically using specific monoclonal antibody (DAKO-Bcl-2, 124). Bcl-2 positivity 
was determined as detection of the oncoprotein in greater than 10% of neoplastic cells.  

Results: Immunopositivity was present in 26 (60%) of SCLC patients. Twenty-
three of 40 (57.5%) patients had limited disease at presentation, and 17 of 40 (42.5%) 
had extensive disease. There was not any correlation with Bcl-2 protein expression and 
clinicopathological parameters such as sex, age, smoking history and performance sta-
tus. According to the extent of the disease, Bcl-2 expression was significantly higher in 
patients with extensive disease (p < 0.009). Bcl-2 expression was associated with signi-
ficant shorter survival in patients with SCLC (Log Rank  =  –5.26; p  =  0.00001). Cox 
regression analysis controlling for age, sex and tumor stage, confirmed that Bcl-2 ex-
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pression (HR  =  0.049 p < 0.0001) and N stage (HR  =  0.152 p < 0.012) were an inde-
pendent prognostic markers for poor prognosis 

In conclusion Bcl-2 oncoprotein was expressed in most cases of SCLC and its 
expression may have prognostic importance.  
 
Key words: Bcl-2 oncoprotein, small-cell lung carcinoma, immunohistochemistry, 
prognostic value. 

 
 

Introduction 
 
Lung cancer is divided into two broad categories: small cell lung cancer 

and non-small cell lung cancer, which have significant differences in clinical 
and biological behavior. Small cell lung carcinoma (SCLC), which comprises 
20% of lung cancer, is characterized by a relentlessly progressive clinical course 
and by the early development of metastatic disease [1]. While SCLC is consi-
dered highly responsive to chemotherapy and radiotherapy, relaps despite treat-
ment commonly occurs within 2 years. The 2 year survival in lmited stage small 
cell lung cancer is only 20–30% [2], while the median survival in extensive 
stage small cell lung cancer is less than a year [3]. Given this dismal survival 
rate of the extended stage of the disease, other factors including clinical features 
at initial presentation, need to be evaluated in an attempt to define the outcome. 
Cytogenetic and molecular genetic analyses of SCLC have revealed that SCLC 
cells carry a number of chromosomal abnormalities [4].  

Bcl-2 overexpression is common event in SCLC. The Bcl-2 proto-onco-
gene is involved in the 14; 18 translocation, a chromosomal abnormality present 
in 70% of follicular lymphomas and 20% of diffuse B-cell lymphomas [5]. The 
result of this translocation juxtaposes the Bcl-2 gene on cromosome 18 with the 
immunoglobulin heavy-chain (IGH) gene of chromosome 14. In consequences, 
as a result of the marked deregulation of the Bcl-2- IGH fusion gene, abnor-
mally high levels of Bcl-2 protein are produced [6]. This protein protects cells 
from programmed cell death (apoptosis), and prolong cell survival by arresting 
cells in the Go/Gı phase of the cell cycle [7]. Krosmeyer has proposed that Bcl-2 
is a member of a new category of oncogenes that is not involved in influencing 
cell proliferation but is involved in regulating cell death [8]. It is the only gene 
belonging to this category that has been identified. Although the expression of 
the Bcl-2 protein has been reported for a variety of human malignant tumors, 
including the lung, the precise biological role of Bcl-2 in the development of 
malignant tumors and predicting the survival is still controversial. In patients 
with lung cancer (LC) the most reports found that Bcl-2 expression was associa-
ted with favorable clinicopathological characteristics and prognosis [9, 10, 11, 
12, 13], although the antiapoptotic action of Bcl-2 is expected to confer a sur-
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vival advantage to the cancer cell. However, there have been some reports 
describing no significant correlation between Bcl-2 expression and prognosis 
[14, 15], or where Bcl-2 expression is linked with poor prognosis [16]. In this 
study we examined Bcl-2 protein expression in 40 patients with SCLC and as-
sessed its correlation with clinocopathological features and its impact on survi-
val of the patients.  

 
 

Materials and methods 
  
Study population 
The study involved 40 consecutive patients with SCLC, who were dia-

gnosed in the Institute for lung diseases and tuberculosis, Skopje, Macedonia, 
between March 2004 and January 2006. The diagnosis was established by histo-
logical examination of the tissue obtained during the fiber-optic bronchoscopy. 
All histological analyses and immunohistochemistry (ICH) were performed in 
the Institute for Pathology, Medical Faculty in Skopje, Macedonia. The staging 
procedure for the majority of patients was standardized including fiber-optic 
bronchoscopy, routine laboratory parameters, chest radiograph and CT, abdo-
men CT and bone scan. 

Thirty-five patients (87.5%) were male and 5 patients were female 
(12.5%). According to the age 28 patient (70%) were younger than 65 years and 
12 patients (30%) were older than 65. Smokers were 82.5%. The patients with 
SCLC are divided into the following two stages: limited disease (LD), which is 
disease confined to the ipsilateral hemithorax within a single radiotherapy port 
(corresponding to TNM stages I to IIIB), and extensive disease (ED), which in-
cludes evident metastases [17, 18]. Twenty three patients (57.5%) were with li-
mited stage (LD), and seventeen (42.5%) were with extensive stage (ED) of the 
disease. All patients were treated and followed-up in the Institute for radiology 
and oncology, Medical Faculty, Skopje. The patients with limited disease were 
treated with combination of chemotherapy and radiotherapy, while the patients 
with extensive disease were treated with chemotherapy only.  

The patients were followed up at least 24 months (from 1 to 48 months). 
The majority of patients were followed up regularly in a time frame of 2 to 3 
months. The survival time was calculated from the date of histological diag-
nosis to the date of death or last follow-up.  

 
 

Immunohistochemical Staining 
The immunohistochemical studies were performed on formalin-fixed, 

paraffin-embedded sections using LCAB imunoperoxidase method with mono-
clonal antibody specific for Bcl-2 protein (clone Bcl-2-124; DAKO, Denmark). 
Prilozi, Odd. biol. med. nauki, XXIX/2 (2008), 281–293 
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Analyses was done with semiquantitative grading system. Bcl-2 expres-
sion was observed in the cytoplasm. Negative indicated no immunoreaction or < 
10% of the tumor cells stained; (+) 10% to 25% staining; (++): 25% to 50% 
staining, and (+++): over 50% staining.  

All of the tests were performed on biopsy specimens obtained before 
administration of any therapy.  
 
 

Statistical Analysis 
 
Statistical significance of the relationships between clinicopathological 

data and IHC were assessed by Mann-Whitney U test. The proportional hazard 
model was applied to examine whether Bcl-2 expression was an independent 
prognostic factor. The overall survival rate was calculated using the Kaplan-
Meier method. The difference was considered to be statistically significant at 
p < 0.05. 

 
 

Results 
 
Twenty six patients (65%) of 40 patients with SCLC, showed positive 

cytoplasmic staining for Bcl-2. The results of Bcl-2 immunostaining and its 
relationship with clinicopathological features are summarized in Table 1. 
 
Table 1 – Tabela 1 
 

Relationship between clinicopathological features and the expression  
of Bcl-2 in 40 patients with SCLC 

Odnos me|u klini~kopatolo{kite karakteristiki i ekspresijata  
na Bcl-2 proteinot kaj 40 pacienti so SKBK 

 
Features (n) Bcl-2 (+) n (%) Bcl-2 (-) n (%) p Value 
Total (40) 26 (65.0%) 14 (35%)  

Sex    

Male (35) 24 (92.3%) 11 (78.6%)  
Female (5) 2 (7.7%) 3 (21.4%) NS 

Age    

≤ 65 (28) 19 (73.1%) 9 (64.3%)  
> 65 (12) 7 (26.9%) 5 (35.7%) NS 

Smoking history    

Smoker (33) 21 (80.5%) 12 (85.7%)  
Nonsmoker (7) 5 (19.5%) 2 (14.3%) NS 
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Performans status    
WHO 0 (11) 5 (19.2%) 6 (42.9%)  
WHO 1 (23) 15 (57.7%) 8 (57.1%)  
WHO 2 (3) 3 (11.5%) / (0%)  
WHO 3 (2) 2 (7.7%) / (0%)  
WHO 4 (1) 1 (26.9%) / (0%) NS 

Extent of the diseases    

Limited (23) 11 (42.3%) 12 (85.7%)  
Extensive (17) 15 (57.7%) 2 (14.3%) P < 0.009 

Stage    

IB (2) / 2 (14.3%)  
IIA (1) / 1 (7.1%)  
IIB (11) 6 (23.1%) 5 (35.7%)  
IIIA (9) 5 (19.2%) 4 (28.6%)  
IV (17) 15 (57.7%) 2 (14.3%) P < 0.0004 

T stage    

1 (1) / (0%) 1 (7.1%)  
2 (31) 20 (76.9%) 11 (78.7%)  
3 (6) 5 (19.2%) 1 (7.1%)  
4 (2) 1 (3.9%) 1 (7.1%) NS 

N stage    

0 (2) / (0%) 2 (14.3%)  
1 (15) 8 (30.8%) 7 (50.0%)  
2 (15) 10 (38.4%) 5 (35.7%)  
3 (8) 8 (30.8%) / (0%) P < 0.001 

M stage    

0 (24) 11 (42.3%) 13 (92.9%)  
1 (16) 15 (57.7%) 1 (7.1%) P < 0.008 

Note: statistical analysis was performed using Mann-Whitney U test 
 
We didn’t find any correlation with Bcl-2 protein expression and clini-

copathological parameters such as sex, age, smoking history and performance 
status (classified according to WHO 0-IV). The most patients with extensive 
disease (15/17) showed Bcl-2 positive expression (p < 0.009). In the patients 
with limited disease, there was not differentiation between Bcl-2 positive and 
Bcl-2 negative expression. Analysis of TNM stage of the disease showed that 
57.7% of patients with positive Bcl-2 status had advanced stage (p < 0.0004). 
When we analysed separately the correlation of Bcl-2 protein expression with 
T, N, M stages, we didn’t find correlation with T stage; there was statistically 
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significant correlation of Bcl-2 expression with N and M stages: N0 stage was 
associated with negative Bcl-2 status (p < 0.001) opposite the data that Bcl-2 
positive status was associated with present metastasis (p < 0.008). 

In additional, survival time was significantly lower in patients whose 
tumors expressed Bcl-2 protein (Log Rank = –5.26; p = 0.00001): all patients 
with Bcl-2 positive expression died before 24months (Figure 1). The median 
survival of patients with positive Bcl-2 status was 8 months, opposite 21 months 
for patients with negative status.  

To determine which of the factors were independent prognostic factors 
of lung cancer-related death, a multivariate analysis using the Cox regression 
analysis was performed (Table 2). Factors in the analysis included age, sex, T, 
N, M stage and Bcl-2 expression. Examining the entire cohort, Bcl-2 status had 
the greates impact on survival (HR = 0.04, CI = 0.0–0.2, p = 0.000), following 
by lymphonode involvment (HR = 0.15, CI = 0.0–0.6, p = 0.01). As a result, 
Bcl-2 status emerged as independent prognostic factor that might predict worse 
prognosis. 

 

Cumulative Proportion Surviving (Kaplan-Meier)
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Figure 1 – Survival c protein expression  

Bcl-2 proteinska ekspresija (ispre nata linija) i bez (polna linija) 
 

urves of patients with SCLC with Bcl-2 
(dashed line) and without (solid line) 

Slika 1 ‡ Kriva na pre`ivuvawe kaj pacienti so SKBK so pozitivna  
ki
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Table 2 – Tabela 2 
 

Mult LC 
Multivarija i markeri 

 kaj 40 pacienti so SKBK 
 

Marker Hazard ratio 95% nce p value 

ivariante analysis of individual marker in 40 patients with SC
ntna analiza na individualn

 Confide
interval 

Sex 0.696 0.3–3.6 0.69 
Age 0.9 3 0.9– 0.81 9 1.0 
T stage    

2 0.77 0.1 – 4.4 0.98   
3 0.36 0.0 0.31 – 2.6 

N stage    
2 0.16   0.0 – 1.3 0.08 
3 0.15 0.0 – 0.6 0.01* 

M stage 4.16 0.0 – 4.4 0.33 
Bc 0.04 0.0 – 0.2 0.00* l-2 

          
   

Discussion 

sis by attenuating cell death as 
opposed

e literature, showed Bcl-2 
positive

on systematic review of the literature, overall expression of Bcl-2 protein in 

 
SCLC is an aggressive and highly metastatic diseases. Although SCLC 

tumors are initially responsive to chemotherapy, multi-drug resistance tends to 
develop after relapse and the majority of SCLC patients die of their disease wit-
hin 2 years. One of the factors implicated in the resistance of SCLC to chemo-
therapy is the overexpression of the antiapoptotic protein Bcl-2 [19, 20]. Unlike 
other oncogenes, Bcl-2 promotes tumorigene

 to promoting cell proliferation [21].  
The overexpression of Bcl-2 protein has been observed in a variety of 

cancers, including lymphoma, prostate, colon, and lung cancers, as well as 
many other types of solid tumor; it is associated with neuroendocriene 
differentiation and contributes to chemotherapeutic resistance [5, 22, 23, 24, 25, 
26]. In SCLC patients, the overexpression of Bcl-2 has been reported to occur in 
55% to 90% of all cases, and it has been suggested to be a key factor involved 
in both the genesis and maintenance of SCLC [4, 19, 20, 27, 28, 29, 30]. Our 
results which are in accordance with these from th

 expression in 65% of patients with SCLC.  
Bcl-2 protein is more widely investigated in patients with non-small 

cell lung carcinoma (NSCLC). According to the results of meta analyses based 
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NSCLC is 35%; in this analysis 32% of the squamous cell cancer and 61% of 
the adeno carcinoma expressed Bcl-2 [31]. 

Although there are a large number of studies of Bcl-2 expression, its 
value in predicting the survival of patients with lung cancer remains contro-
versial. High level of Bcl-2 expression prevent cell death from a wide variety of 
cell stresses and cytotoxic chemicals including heat shock, ionizing radiation, 
excess calcium influx and a range of chemotherapeutic drugs. Therefore, tumors 
with high levels of Bcl-2 expression, especially in lymphoma, leukemia, and 
prostate cancer are associated with poor responses to chemotherapy and shorter 
disease-free and overall survival [32, 33, 34]. In contrast, though high level of 
Bcl-2 expression is correlated with poor clinical outcome, it has been associated 
paradoxically with a favorable response in lung, thyroid and breast cancer [10, 
12, 35, 36, 37, 38]. 

The mechanism underlying the effect of Bcl-2 oncoprotein expression 
on tumor progression and prognosis remains essentially uncertain. Originaly, 
the Bcl-2 gene product was implicated in oncogenesis because of its ability to 
prolong cell survival through the inhibition of apoptosis [21, 39]. The process of 
apoptosis involves many proteins (Bcl-2 family members) such as the anti-
apoptotic proteins (Bcl-2, Bcl-X, Bfl-1) and the proapoptotic (Bax, Bak, Bad); 
[40]. These proteins can iteract to regulate cellular apoptosis by balancing pro-
and antiapoptotic mechanism. One distinguishing feature is that they share up to 
four Bcl-2 homology (BH) domains. The multidomains antiapoptotic Bcl-2 
members inhibit cytochrome c release by blocking the activation of the multido-
main proapoptotic proteins Bax and Bak. Bax and Bak are direct mediators of 
apoptosis and are absolutely required for the initiation of the mitochondrial 
apoptosis pathway [41, 42]. Thus, analyzing only one apoptotic protein can pro-
duce an incomplete appraisal of apoptosis and it would be interesting to conduct 
a survival analysis of a combination of these proteins.  

Recent evidence suggests that cleavage of Bcl-2 by caspase-3 (mutations 
in domains) may either activate or inactivate essential function of Bcl-2. Cleavage 
of Bcl-2 by caspases has been shown to result in loss of the BH4 homology 
domain that is required for its antiapoptotic activity. Furthermore, the deletion of 
this domain has been shown to release a potent proapoptotic fragment. Thus, it is 
possible that Bcl-2 had lost its ability to suppress apoptosis due to the cleavage of 
caspase-3 [43]. Or, in those lung cancer cases where Bcl-2 expression is 
associated with favourable prognosis, it can be assumed that there are also Bcl-2 
independent pathways that are involved in the regulation of apoptosis.  

In the recent years, most of the preclinical studies have been focused in 
investigation of bioavailable inhibitors of Bcl-2 family proteins, which are 
associated with significant induction of apoptosis. These investigations should 
help in development of new anticancer strategies which will be of benefit to 
patients with SCLC [44, 45, 46]. 
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In our study, Bcl-2 expression was associated with extensive stage of 
SCLC patients and with poor prognosis. The patients with positive Bcl-2 
expression in tumors cells showed statistically lower survival than patients with 
negative Bcl-2 expression. By multivariate analysis controlling for age, sex, and 
tumor stage only Bcl-2 expression and lymphonode involvment were an inde-
pendent markers of poor prognosis.  

 
 

Conclusion 
 

Disregulation of the genetic mechanisam controlling apoptosis is a cri-
tical step in the progression of SCLC, and Bcl-2 expression is involved in the 
pathogenesis of SCLC. We found that Bcl-2 expression in SCLC is independent 
poor prognostic marker and may help to identify patients who need more ag-
gressive therapy.  
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Celi: Ekspresijata na Bcl-2 onkoproteinot e povrzana so inhibi-
cija na apoptozata i so prolongirano }elisko pre`ivuvawe. Celta na ovaa 
studija e da se odredi Bcl-2 proteinskata ekspresija kaj pacienti so sitno-
ќeliski belodroben karcinom (SKBK) i da se odredi dali e vo korelacija 
so klini~ko-patolo{kite karakteristiki i so prognozata na bolesta.  
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Materijal i metodi: Kaj 40 pacienti so SKBK bea napraveni imu-
nohistohemiski analizi so primena na specifi~ni monoklonalni antitela 
(DAKO-Bcl-2, 124). Bcl-2 pozitiven naod e definiran kako prisustvo na on-
koproteinot vo pove}e od 10% od malignite }elii.  

Rezultati: Imunopozitiven naod e dobien kaj 26 (60%) pacienti 
so SKBK. Ograni~ena bolest imaa 23 od 40 pacienti (57,5%), dodeka 17 
(42,5%) bea so pro{irena forma na bolest. Ne postoe{e korelacija pome|u 
Bcl-2 proteinskata ekspresija i klini~ko-patolo{kite parametri kako 
pol, vozrast, pu{ewe, statusot na pacientot i tumorskata diferencijacija. 
Spored pro{irenosta na bolesta, Bcl-2 ekspresijata be{e zna~itelno 
povisoka kaj pacientite so pro{irena forma na bolest (p < 0,009). Bcl-2 
ekspresijata be{e povrzana so zna~itelno pokratko pre`ivuvawe kaj pa-
cientite so SKBK (Log Rank  =  –5.26; p = 0,00001). Multivarijantnata analiza 
koja gi opfa}a{e polot, vozrasta i stadiumot na bolesta poka`a deka 
ekspresijata na Bcl-2 onkoproteinot (HR = 0,049 p < 0,0001) i N stadiumot 
(HR = 0,152 p < 0,012) se nezavisni prognosti~ki markeri kaj pacientite so 
SKBK.  

Zaklu~ok: Kako zaklu~ok, Bcl-2 onkoproteinot e prisuten kaj po-
golem broj slu~ai so SKBK i ima zna~itelna prognosti~ka vrednost.  
 
Klu~ni zborovi: Bcl-2 onkoprotein, sitno-}eliski belodroben karcinom, 
imunohistohemiski analizi, prognosti~ka vrednost.  
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